Our experiments with selected organic substrates reveal that the rate-limiting process governing microbial degradation rates changes with substrate concentration, S, in such a manner that substrate removal is enhanced at lower values of S. This enhancement is the result of the dominance of very efficient systems for substrate removal at low substrate concentrations. The variability of dominant kinetic parameters over a range of S causes the kinetics of complex assemblages to be profoundly dissimilar to those of systems possessing a single set of kinetic parameters; these findings necessitate taking a new approach to predicting substrate removal rates over wide ranges of S.
In the past, mathematical models designed to predict the rates at which microorganisms mediate the uptake and degradation of dissolved organic compounds, and especially anthropogenic chemicals, have been based on the assumption that a single set of kinetic parameters governs the processes (3, 4, 7, 11, 13, 14, 16, 18) . These kinetic parameters include a maximum reaction velocity, Vmax, and halfsaturation constant, K, representing the substrate concentration, S, at which half of Vmax is attained. Some researchers, however, have demonstrated that microorganisms, especially in complex assemblages, are kinetically heterogeneous: they possess diverse substrate removal systems, each having its own characteristic set of kinetic parameters (2, 6, 9, 10, 17). For a particular substrate, kinetic heterogeneity may result from the presence of multiple transport, degradative, or assimilative systems or other rate-limiting, substrate-concentration-dependent phenomena that follow rectangular hyperbolic functions.
Models incorporating the assumption that a single Vmax (18) . Pseudo-first-order rate coefficients, k1, were calculated as the slopes of the linear regression lines (method of least squares) of the plots of natural logarithm of S versus time.
RESULTS AND DISCUSSION
As with previous experiments (2), our Wright-Hobbie plots were not linear, but were hyperbolic, having multiple slopes and intercepts, indicating the existence of higher K and Vmax values at higher ranges of S (data not shown). For these kinetically heterogeneous assemblages, apparent K values were generally 10-to 100-fold higher than the initial S. Substrate removal systems, therefore, were undersaturated even at the highest concentrations tested. Vmax/K ratios were relatively constant for several of the highest amended substrate concentrations tested; however, they were increasingly higher at successively lower substrate concentrations ( Fig. 1 and 2 ). Consequently, substrate removal rates were increasingly enhanced at successively lower amended substrate concentrations. Using rate data obtained at high ranges of S, other researchers have also noted that degrada- tion rates of organic chemicals are faster than expected at low substrate concentrations (17) .
In our mineralization studies, enhancement of substrate removal was evident over a wide range of S (Fig. 1) , but was especially pronounced at S values of <10 ,uM (Fig. 2) . Moreover, the magnitude of enhancement was compound specific. Acetone mineralization, for example, exhibited no measurable velocity enhancement over the same concentration range over which p-cresol exhibited about a 10-fold enhancement.
On the basis of linear transformations of data, estimated values of Vmax and K contain various degrees of error, depending on the method of data analysis (1, 5, 12, 15). The enhancement effects that we observed, however, spanned orders of magnitude of variation in kinetic parameters and were evident even by direct comparison of plots of S versus time. Relative to rates at higher values of S, a 100-fold increase in the specific rate of 2,4-DME degradation (i.e., the slope of plots of the natural logarithms of substrate concentrations versus time), for example, occurred at or below 0.06 puM in samples from Andros Island (Fig. 3) , and a 3.5-fold increase in the specific rate of glucose removal occurred at concentrations at or below 1 ,uM in water from Lago Lake (Fig. 4) . (Additional short-term experiments [<5 h] confirmed that the rate enhancement observed with glucose was concentration dependent rather than time dependent.) However, only a twofold increase in the specific rate of 2,4-DME removal occurred between 0.66 and 0.02 ,uM in samples of Oconee River microflora (Fig. 5) . The magnitude of enhancement, therefore, was specific to the microbial assemblage ( Fig. 3 and 5) as well as to the substrate and its concentration ( Fig. 1 and 2) .
The kinetic pattern of complex microbial assemblages described above produces an interesting twist with regard to 
